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ELECTRONIC DISPLAY ADAPTIVE
REFRESH RATE SYSTEMS AND METHODS

BACKGROUND

The present disclosure relates generally to electronic
displays and, more particularly, to display of video content
on electronic displays.

This section 1s mtended to itroduce the reader to various
aspects of art that may be related to various aspects of the
present techmiques, which are described and/or claimed
below. This discussion 1s believed to be helpiul 1n providing
the reader with background information to facilitate a better
understanding of the various aspects of the present disclo-
sure. Accordingly, 1t should be understood that these state-
ments are to be read in this light, and not as admissions of
prior art.

Generally, an electronic display may enable a user to
perceive visual representations of information by succes-
sively displaying image frames on a display panel. For
example, 1mage frames may be successively displayed to
enable a user to perceive video content. In some embodi-
ments, video content may be captured by an image sensor,
for example, 1 a video camera. More specifically, the image
sensor may generate video content data by periodically
capturing digital representations of the video content as
image frames, for example at 24 Hz. An image source may
then process the video content data to generate display
image data. The electronic display may then successively
display 1image frames based at least in part on the display
image data.

Some electronic displays may have a fixed refresh rate,
such as 60 Hz. Accordingly, the image source may generate
display 1image data to enable compatibility with a variety of
clectronic displays, including fixed refresh rate displays.
More specifically, the image source may generate the display
image data such that it includes 1mage frames that can be
displayed at a desired refresh rate equal to the fixed refresh
rate (e.g., 60 Hz). For example, the image source may use
telecine pulldown techniques to convert video content data
into 1mage frames that can be displayed at the desired refresh
rate.

To help 1llustrate, when the capture rate 1s 24 Hz and the
fixed refresh rate 1s 60 Hz, the image source may utilize
telecine 3:2 pulldown to generate display image data with
image frames that can be displayed at 60 Hz. For example,
when the video content data includes a first and a second
image frame captured at 24 Hz, the image source may
generate display image data that enables an electronic dis-
play with a fixed 60 Hz refresh rate to display the first image
frame three times at 60 Hz followed by the second image
frame two times at 60 Hz. However, since writing each
image frame to a display panel generally consumes electrical
power, the manner with which the image frames are dis-
played (e.g., refresh rate) may aflect electrical power con-
sumption ol an electronic display, particularly when the
clectronic display has a variable refresh rate.

SUMMARY

A summary of certain embodiments disclosed herein 1s set
forth below. It should be understood that these aspects are
presented merely to provide the reader with a brief summary
of these certain embodiments and that these aspects are not
intended to limit the scope of this disclosure. Indeed, this
disclosure may encompass a variety of aspects that may not
be set forth below.
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The present disclosure generally relates to reducing elec-
trical power consumption of an electronic display while
maintaining percerved image quality, particularly when dis-
playing video content. Generally, an image source may
communicate display image data to an electronic display,
thereby instructing the electronic display to display a visual
representation of video content as a plurality of 1mage
frames. To facilitate compatibility with electronic displays,
including fixed refresh rate electronic displays, the image
source may use telecine pulldown techniques to generate
display 1mage data that includes 1image frames that can be
displayed at a desired refresh rate equal to the fixed refresh
rate.

Generally, an 1image frame may be written by applying
clectrical power to pixels 1 the electronic display. As such,
the refresh rate used to display image frames may be aflect
power consumption by the electronic display. For example,
power consumption used to display one 30 Hz image frame
may be 40% less than power consumption used to display
two 60 Hz 1image frames.

Additionally, the refresh rate used to display image frames
may also aflect perceived 1image quality. More specifically,
perceived 1mage quality may be aflected by duration an
image frame 1s perceivable to a user. For example, depicting
motion with shorter duration image frames (e.g., a higher
refresh rate), may enable motion blur to be reduced because
more 1mage frames can be used to depict the motion.

Accordingly, the techniques described herein may control
operation of an electronic display to reduce power consump-
tion while maintaining percerved image quality. In some
embodiments, the electronic display may support multiple
discrete refresh rates (e.g., variable refresh rate). For
example, the electronic display may display image frames at
either 30 Hz or 60 Hz. As such, the electronic display may
control operation by determining what refresh rates to use
for displaying video content.

More specifically, the refresh rates may be determined
based at least 1n part on the capture rate of the video content,
which may be determined based at least in part on the
cadence with which display image data 1s received from the
image source. For example, the electronic display may
determine that the capture rate of video content 1s 24 Hz
when the 1mage data has a 3:2 cadence or a 2:3 cadence. In
some embodiments, the electronic display may determine
that the display image data has a 3:2 cadence when the
display image data instructs the electronic display to display
a {irst image frame for a duration equivalent to three 60 Hz
image frames and a second image frame for a duration
equivalent to two 60 Hz image frames.

Based on the capture rate and/or the display image data
cadence, the electronic display may use one or more of the
discrete refresh rates to display image frames. For example,
when a 3:2 cadence 1s detected, the electronic display may
display a first image frame at 30 Hz followed by a repeat of
the first image frame at 60 Hz, a second image frame at 30
Hz, a third image frame at 30 Hz followed by a repeat of the
third 1image frame at 60 Hz, a fourth image frame at 30 Hz,
and so on. In this manner, the techniques described herein
may reduce of power consumption while maintaining per-
ceive 1image quality by utilizing lower refresh rates (e.g., 30
Hz) without affecting duration each image frame is perceiv-

able.

BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects of this disclosure may be better under-
stood upon reading the following detailed description and
upon reference to the drawings in which:
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FIG. 1 1s a block diagram of a computing device used to
display 1mage frames, in accordance with an embodiment;

FIG. 2 1s an example of the computing device of FIG. 1,
in accordance with an embodiment:;

FIG. 3 1s an example of the computing device of FIG. 1,
in accordance with an embodiment;

FIG. 4 1s an example of the computing device of FIG. 1,
in accordance with an embodiment;

FIG. 5 1s block diagram of a portion of the computing
device of FIG. 1 used to display image frames, 1n accordance
with an embodiment;

FIG. 6 15 a flow diagram of a process for displaying video
content on an electronic display, in accordance with an
embodiment;

FIG. 7 1s a flow diagram of a process for determining
cadence of display image data received from an image
source, 1n accordance with an embodiment;

FIG. 8 1s a flow diagram of a process for determinming
refresh rate used to display video content, 1n accordance
with an embodiment:

FIG. 9 1s an example of a first hypothetical operation of
an electronic display when display image data has a 3:2
cadence, 1n accordance with an embodiment; and

FIG. 10 1s an example of a second hypothetical operation
of an electronic display when display image has a 2:3
cadence, 1n accordance with an embodiment.

DETAILED DESCRIPTION

One or more specific embodiments of the present disclo-
sure will be described below. These described embodiments
are only examples of the presently disclosed techniques.
Additionally, 1n an effort to provide a concise description of
these embodiments, all features of an actual implementation
may not be described in the specification. It should be
appreciated that in the development of any such actual
implementation, as 1n any engineering or design project,
numerous implementation-specific decisions must be made
to achieve the developers’ specific goals, such as compli-
ance with system-related and business-related constraints,
which may vary from one implementation to another. More-
over, 1t should be appreciated that such a development etiort
might be complex and time consuming, but may neverthe-
less be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of
this disclosure.

When 1ntroducing elements of various embodiments of
the present disclosure, the articles “a,” “an,” and “the” are
intended to mean that there are one or more of the elements.
The terms “comprising,” “including,” and “having” are
intended to be inclusive and mean that there may be addi-
tional elements other than the listed elements. Additionally,
it should be understood that references to “one embodiment™
or “an embodiment” of the present disclosure are not
intended to be interpreted as excluding the existence of
additional embodiments that also incorporate the recited
features.

As mentioned above, an electronic display may enable a
user to perceive a visual representation of video content by
successively displaying image frames based on video con-
tent data captured by an image sensor. In some embodi-
ments, the 1mage sensor may generate video content data by
successively capturing digital representations of the video
content as 1mage frames. As used herein, the rate at which
the 1mage sensor captures the image frames 1s referred to as
the “capture rate.” In some embodiments, the capture rate of

the video content data may be 24 Hz.
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An 1mage source (e.g., a graphics processing unit) may
then process/analyze the video content data to generate
display 1image data, which may instruct the electronic dis-
play to display image frames. More specifically, the display
image data may include image frames and a desired refresh
rate with which to display the image frames. As used herein,
the “refresh rate” 1s intended to describe the rate at which an
clectronic display displays image frames.

In some embodiments, the image source may be compat-
ible with a variety of electronic displays, which may include
clectronic displays with a fixed refresh rate (e.g., 60 Hz).
Accordingly, to accommodate a variety of electronic dis-
plays, the 1mage source may generate display image data
that enables an electronic display to display image frames at
a desired refresh rate equal to the fixed refresh rate. How-
ever, since the capture rate of the video content data may be
different from the desired refresh rate, the 1mage source may
convert image frames captured at the capture rate into image
frames that may be displayed at the desired refresh rate.

To help illustrate, the image source may use telecine 3:2
pulldown to convert video content data captured at 24 Hz
into display image data that may be displayed at 60 Hz. For
example, when the video content data includes a first and a
second 1mage frame captured at 24 Hz, the display image
data may instruct an electronic display to display the first
image frame for a duration equivalent to three 60 Hz image
frames followed by the second 1mage frame for a duration
equivalent to two 60 Hz image frames. Accordingly, a fixed
refresh rate electronic display may display the first image
frame three times at 60 Hz followed by the second image
frame two times at 60 Hz.

Generally, an 1mage frame 1s generally written by apply-
ing voltage to pixels in the electronic display and, thus,
consumes e¢lectrical power. As such, the frequency that
image Iframes are written (e.g., refresh rate) may impact
power consumption of the electronic display. More specifi-
cally, a higher refresh rate may increase power consumption
while a lower refresh rate may reduce power consumption.
For example, a user may perceive an image for 33.3 mulli-
seconds either when the electronic display displays two 60
Hz image frames or when the electronic display displays a
single 30 Hz image frame. However, power consumption
used to display the 30 Hz image frame may be 40% less than
power consumption used to display the two 60 Hz image
frames.

Additionally, each displayed image frame 1s generally
static. In other words, the electronic display may depict
motion by rapidly displaying image frames, which each
depicts a still image of an 1nstant of the motion. As such, a
user’s perception of the motion may be aflected by duration
cach 1mage frame i1s perceivable. For example, increasing
the refresh rate (e.g., shortening perceived duration), may
enable an increase 1n the number of 1nstants of the motion
displayed, thereby reducing motion blur. On the other hand,
reducing the refresh rate (e.g., increasing perceived dura-
tion), may result 1n a decrease in the number of instants of
the motion displayed, thereby increasing motion blur. In
other words, refresh rate used by an electronic display may
impact both power consumption as well as perceived image
quality.

Accordingly, techniques described herein may improve
the display of video content on an electromic display by
reducing power consumption while maintaining 1mage qual-
ity. As will be described 1n more detail below, the electronic
display generally receives a digital representation of the
video content from an 1mage source as display image data.
Additionally, 1n some embodiments, the electronic display




US 9,743,036 B2

S

may support multiple discrete refresh rates. For example, the
clectronic display may support a 30 Hz refresh rate and a 60
Hz refresh rate. As such, the electronic display may display
the video content by determining what refresh rate to use for
displaying image frames of the display image data. In some
embodiments, the electronic display may determine what
refresh rates to use based at least in part on the capture rate
of the video content and/or cadence of the display image
data. For example, when the capture rate 1s 24 Hz and/or the
image data has a 3:2 cadence, the electronic display may
display a first image frame at 30 Hz followed by a repeat of
the first image frame at 60 Hz, a second image frame at 30
Hz, a third image frame at 30 Hz followed by a repeat of the
third 1image at 60 Hz, a fourth image at 30 Hz, and so on.

In this manner, the power consumption of the electronic
display may be reduced because a lower refresh rate may be
used to display image frames. For example, instead of
displaying the first 1image frame as three 60 Hz image
frames, the electronic display may display the first image
frame as a 30 Hz image frame followed by a 60 Hz image
frame. Additionally, instead of display the second image
frame as two 60 Hz image frames, the electronic display
may display the second image frame as a 30 Hz image
frame. In fact, in such an embodiment, the power consump-
tion may be reduced by 32% compared to displaying five 60
Hz frames.

Moreover, the perceived image quality of the electronic
display may be maintained even though a lower refresh rate
may be used because each image frame may be perceived by
a user for approximately the same duration. For example, the
first 1image frame may generally be displayed for approxi-
mately 50 milliseconds either by displaying the first image
frame as three 60 Hz image frames or by displaying the first
image Irame as a 30 Hz image frame followed by a 60 Hz
image frame. Additionally, the second image frame may
generally be displayed for approximately 33.3 milliseconds
either by displaying the second image frame as two 60 Hz
image frames or by displaying the second image frame as a
30 Hz image frame. In this manner, the reduced refresh rate
may be implemented without affecting perceivable duration
ol each 1image frame.

As such, the techniques described herein may enable an
clectronic display to reduce power consumption while main-
taining 1image quality. To help illustrate, a computing device
10 that may utilize an electronic display 12 to display image
frames 1s described 1n FIG. 1. As will be described 1n more
detail below, the computing device 10 may be any suitable
computing device, such as a handheld computing device, a
tablet computing device, a notebook computer, and the like.

Accordingly, as depicted, the computing device 10
includes the electronic display 12, mput structures 14,
input/output (I/0) ports 16, one or more processor(s) 18,
memory 20, non-volatile storage device 22, a network
interface 24, a power source 26, and 1mage processing
circuitry 27. The various components described in FIG. 1
may include hardware elements (including circuitry), soft-
ware elements (including computer code stored on a non-
transitory computer-readable medium), or a combination of
both hardware and software elements. It should be noted that
FIG. 1 1s merely one example of a particular implementation
and 1s mntended to illustrate the types of components that
may be present 1n the computing device 10. Additionally, it
should be noted that the various depicted components may
be combined mto fewer components or separated mnto addi-
tional components. For example, the 1mage processing cir-
cuitry 27 (e.g., a graphics processing unit) may be included
in the one or more processors 18.
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As depicted, the processor 18 and/or 1image processing
circuitry 27 are operably coupled with memory 20 and/or
non-volatile storage device 22. More specifically, the pro-
cessor 18 and/or 1mage processing circuitry 27 may execute
instruction stored in memory 20 and/or non-volatile storage
device 22 to perform operations in the computing device 10,
such as generating and/or transmitting the display image
data. As such, the processor 18 and/or 1mage processing
circuitry 27 may include one or more general purpose
microprocessors, one or more application specific proces-
sors (ASICs), one or more field programmable logic arrays
(FPGASs), or any combination thereof. Additionally, memory
20 and/or non-volatile storage device 22 may be a tangible,
non-transitory, computer-readable medium that stores
instructions executable by and data to be processed by the
processor 18 and/or 1image processing circuitry 27. In other
words, the memory 20 may include random access memory
(RAM) and the non-volatile storage device 22 may include
read only memory (ROM), rewritable flash memory, hard
drives, optical discs, and the like. By way of example, a
computer program product containing the instructions may
include an operating system or an application program.

Additionally, as depicted, the processor 18 i1s operably
coupled with the network interface 24 to communicatively
couple the computing device 10 to a network. For example,
the network interface 24 may connect the computing device
10 to a personal area network (PAN), such as a Bluetooth
network, a local area network (LAN), such as an 802.11x
Wi-F1 network, and/or a wide area network (WAN), such as
a 4G or LTE cellular network. Furthermore, as depicted, the
processor 18 1s operably coupled to the power source 26,
which provides power to the various components 1 the
computing device 10. As such, the power source 26 may
include any suitable source of energy, such as a rechargeable
lithium polymer (Li-poly) battery and/or an alternating
current (AC) power converter.

As depicted, the processor 18 1s also operably coupled
with I/O ports 16, which may enable the computing device
10 to interface with various other electronic devices, and
input structures 14, which may enable a user to interact with
the computing device 10. Accordingly, the inputs structures
14 may include buttons, keyboards, mice, trackpads, and the
like. Additionally, 1n some embodiments, the electronic
display 12 may include touch sensitive components.

In addition to enabling user 1nputs, the electronic display
12 may display image frames, such as a graphical user
interface (GUI) for an operating system, an application
interface, a still image, or video content. As depicted, the
display 1s operably coupled to the processor 18 and the
image processing circuitry 27. Accordingly, the image
frames displayed by the electronic display 12 may be based
on display 1image data received from the processor 18 and/or
the 1mage processing circuitry 27.

As will be described 1n more detail below, the electronic
display 12 may display image frames based at least i part
on the capture rate of video content. More specifically, the
clectronic display 12 may determine the capture rate of
displayed video content based at least 1n part on cadence of
display image data received from the processor 18 and/or the
image processing circuitry 27. For example, electronic dis-
play 12 may determine that the capture rate 1s 24 Hz when
the received display image data has a 2:3 cadence or a 3:2
cadence. Based on the capture rate, the electronic display 12
may determine reiresh rate with which to display image
frames such that a lower refresh rate may be used, thereby
reducing power consumption, while maintaining image

quality.
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As described above, the computing device 10 may be any
suitable electronic device. To help 1illustrate, one example of
a handheld device 10A 1s described 1n FIG. 2, which may be
a portable phone, a media player, a personal data organizer,
a handheld game platform, or any combination of such
devices. For example, the handheld device 10A may be a
smart phone, such as any 1Phone® model available from
Apple Inc. As depicted, the handheld device 10A 1includes an
enclosure 28, which may protect interior components from
physical damage and to shield them from electromagnetic
interference. The enclosure 28 may surround the electronic
display 12, which, in the depicted embodiment, displays a
graphical user mterface (GUI) 30 having an array of icons
32. By way of example, when an icon 32 i1s selected either
by an 1nput structure 14 or a touch sensing component of the
clectronic display 12, an application program may launch.

Additionally, as depicted, mput structure 14 may open
through the enclosure 28. As described above, the input
structures 14 may enable a user to interact with the handheld
device 10A. For example, the mput structures 14 may
activate or deactivate the handheld device 10A, navigate a
user 1nterface to a home screen, navigate a user interface to
a user-configurable application screen, activate a voice-
recognition feature, provide volume control, and toggle
between vibrate and ring modes. Furthermore, as depicted,
the I/O ports 16 open through the enclosure 28. In some
embodiments, the I/O ports 16 may include, for example, an
audio jack to connect to external devices.

To further illustrate a suitable computing device 10, a
tablet device 10B 1s described 1n FIG. 3, such as any 1Pad®
model available from Apple Inc. Additionally, in other
embodiments, the computing device 10 may take the form of
a computer 10C as described i FIG. 4, such as any
Macbook® or iMac® model available from Apple Inc. As
depicted, the computer 10C also includes a display 12, input
structures 14, 1/O ports 16, and a enclosure 28.

As described above, the electronic display 12 may display
image frames based on display image data received from the
processor 18 and/or the 1image processing circuitry 27. More
specifically, to enable the display of the image frames, the
display 1image data may be processed by any combination of
the processor 18, the 1mage processing circuitry 27, and the
clectronic display 12 itself. To help illustrate, a portion 34 of
the computing device 10 that processes and communicates
display 1mage data 1s described i FIG. S.

As depicted, the portion 34 of the computing device 10
includes an 1image source 36, a timing controller (TCON) 38,
and a display driver 40. More specifically, the image source
36 may generate display image data and transmuit the display
image data to the timing controller 38. Accordingly, 1n some
embodiments, the 1mage source 36 may 1nclude the proces-
sor 18 and/or the 1image processing circuitry 27. The timing
controller 38 may then analyze the received display image
data and instruct the display driver 40 to write an 1mage
frame to pixels on a display panel by applying a voltage
signal. As such, 1n some embodiments, the timing controller
38 and the display driver 40 may be included in the
clectronic display 12.

To facilitate processing/analyzing the display image data
and performing other operations, the timing controller 38
may 1nclude a processor 42 and memory 44. In some
embodiments, the timing controller processor 42 may be
included in the processor 18 and/or the 1image processing
circuitry 27. In other embodiments, the timing controller
processor 42 may be a separate processing module. Addi-
tionally, mm some embodiments, the timing controller
memory 44 may be included in memory 20, non-volatile
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storage device 22, or another tangible, non-transitory, com-
puter readable medium. In other embodiments, the timing
controller memory 44 may be a separate tangible, non-
transitory, computer readable medium that stores instruc-
tions executable by the timing controller processor 42.
Additionally, in some embodiments, the memory 44 may
include a bufler to store the display image data for process-
ing.

More specifically, the timing controller 38 may analyze
the recerved display image data to determine the magnmitude
the voltage signal to apply to each pixel to achieve the
desired i1mage frame and instruct the display driver 40
accordingly. Additionally, the timing controller 38 may
analyze the received display image data to determine the
capture rate of video content. In some embodiments, the
timing controller 38 may determine the capture rate of video
content based at least 1n part on cadence of the display image
data received from the image source 36. The timing con-
troller 38 may then instruct the display driver 40 to adjust
reiresh rate of the electromic display 12 used to successively
display image frames based on the determined capture rate
of the video content.

To help 1llustrate, one embodiment of a process 46 for
successively displaying image frames on the electronic
display 12 1s described in FIG. 6. Generally, the process 46
includes determining refresh rate(s) supported by an elec-
tronic display (process block 48), receiving display image
data (process block 50), determining capture rate of video
content (process block 52), determining refresh rate to use to
display image frames (process block 54), and displaying the
video content (process block 55). In some embodiments, the
process 46 may be implemented using instructions stored in
the timing controller memory 44 and/or another suitable
tangible non-transitory computer-readable medimum and
executable by the timing controller processor 42 and/or
another suitable processing circuitry.

To simplity the following discussion, the techniques are
described 1n relation to video content with a capture rate of
24 Hz and an electronic display 12 that supports a 30 Hz
refresh rate and a 60 Hz refresh rate. Nevertheless, one of
ordinary skill in the art will understand that the following
discussion 1s merely 1llustrative and be able to expand the
techniques to other capture rates, other refresh rates, and/or
other cadence patterns.

Accordingly, 1n some embodiments, the timing controller
38 may determine the one or more discrete refresh rates
supported by the electronic display 12 (process block 48). In
some embodiments, the supported refresh rates may be
predetermined by a manufacturer and stored in memory 44.
Accordingly, 1n such embodiments, the timing controller 38
may determine the supported reifresh rates by polling
memory 44, for example, upon powering on the electronic
display 12 or commuissioning of the electronic display 12. In
some embodiments, the timing controller 38 may determine
that the electronic display 12 supports a 30 Hz refresh rate
and a 60 Hz refresh rate.

Additionally, the timing controller 38 may receive the
display 1mage data from the 1mage source 36, for example,
via a data bus 1n the computing device 10 (process block 50).
As described above, the display image data may describe
image frames to be displayed on the electronic display 12
and a desired refresh rate with which to display the image
frames. More specifically, the timing controller 38 may
receive the image frames as a source frame stream and store
the 1mage frames 1n memory (e.g., panel builer) 44.

The timing controller 38 may then determine the capture
rate of video content described by the display image data
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(process block 52). In some embodiments, the 1mage source
36 may communicate the capture rate of the video content to
the timing controller 38. For example, the image source 36
may inform the timing controller 38 that the capture rate of
the video content 1s 24 Hz when sending the display image
data.

In other embodiments, the timing controller 38 may
determine the capture rate of the video content by determin-
ing cadence of the display image data (process block 54).
For example, the timing controller 38 may determine that the
capture rate 1s 24 Hz when the display image data has a 3:2
cadence or a 2:3 cadence. Generally, the timing controller 38
may determine the cadence based on duration the display
image data instructs the electronic display 12 to display each
image Iframe. For example, when the display image data
instructs the electronic display 12 to display a first image
frame for a duration one and a half time longer than a second
image frame, the timing controller 38 may determine that the
cadence 1s a 3:2 cadence. On the other hand, when the
display image data instructs the electronic display 12 to
display the second 1image frame for a duration one and a half
times longer than the first image frame, the timing controller
38 may determine that the cadence 1s a 2:3 cadence.

To help illustrate, one embodiment of a process 56 for
determining cadence of display image data 1s described 1n
FIG. 7. Generally, process 56 includes detecting an image
frame for display (process block 58), detecting a first blank/
repeat 1mage frame (decision block 60), and detecting a
second blank/repeat 1mage frame (decision block 62). When
the first blank/repeat image frame 1s not detected, the
process 56 includes determining that the cadence 1s not a 2:3
cadence or a 3:2 cadence (process block 64). When the {first
blank/repeat frame 1s detected and the second blank/repeat
frame 1s not detected, the process 56 includes determining
that the cadence 1s a 2:3 cadence (process block 66).
Additionally, when the first and the second blank/repeat
frame are detected, the process 56 includes determining that
the cadence 1s a 3:2 cadence (process block 68). In some
embodiments, the process 56 may be implemented using
instructions stored in the timing controller memory 44
and/or another suitable tangible non-transitory computer-
readable medium and executable by the timing controller
processor 42 and/or another suitable processing circuitry.

Accordingly, the timing controller 38 may detect an 1mage
frame for display based on the display image data received
from the 1image source 36 (process block 58). More specifi-
cally, the timing controller 38 may detect an image frame for
display when the timing controller 38 receives an image
frame that varies from an image frame displayed directly
prior to the received 1mage frame.

When the image frame for display 1s detected, the timing
controller 38 may determine desired duration to display the
image frame. Depending on the implementation, the image
source 36 may utilize various techniques to instruct the
clectronic display 12 regarding desired duration to display
the 1mage frame. In some embodiments, the 1mage source 36
may 1nstruct the electronic display 12 to hold a displayed
image frame by transmitting a repeated image frame or a
blank image frame. As used herein, a “repeated image
frame” and a “blank 1mage frame” are intended to describe
an 1mage Irame that does not mnstruct the electromic display
to reiresh.

For example, the image source 36 may instruct the
clectronic display hold a first image frame for a duration
equivalent to two 60 Hz image frames by transmitting the
first image frame at 60 Hz followed by a repeat of the first
image frame or a blank image frame at 60 Hz. As described
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herein, the first 1mage frame may be referred to as a
“2-repeat frame” because 1t 1s held a duration equivalent to
two 60 Hz image frames. Additionally, the 1image source 36
may 1instruct the electronic display hold a second image
frame for a duration equivalent to three 60 Hz by transmiut-
ting the second 1image frame at 60 Hz, followed by a repeat
of the second 1image frame or a blank 1image frame at 60 Hz,
and followed by another repeat of the second 1mage frame
or another blank 1image frame at 60 Hz. As described herein,
the second 1mage frame may be referred to as a “3-repeat
frame” because it 1s held a duration equivalent to three 60 Hz
image frames.

Accordingly, the timing controller 38 may determine
desired duration to display the image frame by detecting
whether the 1mage frame for display 1s followed by a first
blank/repeat image frame and a second blank/repeat 1image
frame (decision blocks 60 and 62). Thus, when the timing
controller 38 detects that the image frame for display 1is
followed by a first blank/repeat frame but not a second
blank/repeat frame, the timing controller 38 may determine
that the image frame 1s a 2-repeat frame. As such, the timing
controller 38 may determine that the cadence of the display
image data may be a 2:3 cadence (process block 66).

On the other hand, when the timing controller 38 detects
that the 1image frame for display 1s followed by a first and a
second blank/repeat frame, the timing controller 38 may
determine that the desired duration to display the image
frame 1s a 3-repeat frame. As such, the timing controller 38
may determine that the cadence of the display image data
may be a 3:2 cadence (process block 68).

As can be appreciated, transmitting image frames from
the 1mage source 36 to the eclectronic display 12 may
consume power. Accordingly, 1n some embodiments, the
image source 36 may skip transmitting the repeat/blank
image frames and instead transmit an 1dle pattern. For
example, the image source 36 may utilize 1image data that
includes the first image frame at 60 Hz, followed by an 1dle
pattern equivalent to two 60 Hz image frames, followed by
the second 1mage frame at 60 Hz, and followed by an idle
pattern equivalent to a 60 Hz image frame. Thus, instead of
detecting the presence of the first and/or second blank/repeat
image frames, the timing controller 38 may determine
whether duration of an 1dle pattern between received 1mage
frames 1s equivalent to a single 60 Hz image frame or a two
60 Hz image frames.

As described above, the timing controller 38 may then
determine that the capture rate of the video content 1s 24 Hz
when the timing controller 38 detects a 3:2 cadence or a 2:3
cadence. Additionally, based on the video content capture
rate and/or cadence of the display image data, the timing
controller 38 may determine refresh rates with which to
display each image frame (process block 54) and display the
video content by displaying the image frames at the deter-
mined refresh rates (process block 55).

To help illustrate, one embodiment of a process 70 for
determining the refresh rates and displaying the video con-
tent 1s described 1n FIG. 8. Generally, the process 70
includes determining that an electronic device supports a 30
Hz refresh rate and a 60 Hz refresh rate (process block 72),
determining that video content has a 24 Hz capture rate
(process block 74), determining whether an 1mage frame 1s
a 2-repeat frame or a 3-repeat frame (decision block 76),
displaying the image frame at 30 Hz (process block 78) and
at 60 Hz (process block 80) when the image frame 1s a 3
repeat frame, and displaying the image frame at 30 Hz when
the 1mage frame 1s a 2 repeat frame (process block 82). In
some embodiments, the process 70 may be implemented
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using instructions stored in the timing controller memory 44
and/or another suitable tangible non-transitory computer-
readable medium and executable by the timing controller
processor 42 and/or another suitable processing circuitry.

Accordingly, in some embodiments, the timing controller
38 may determine that the electronic display 12 supports a
30 Hz refresh rate and a 60 Hz refresh rate (process block
72). As described above, the timing controller 38 may
determine the supported refresh rates by polling memory 44.
Additionally, the timing controller 38 may determine that the
video content has a 24 Hz capture rate when the timing
controller 38 detects a 3:2 cadence or a 2:3 cadence (process
block 74). As described above, display image data may have
a 3:2 cadence or a 2:3 cadence when the display image data
alternates between 2-repeat frames and 3-repeat frames.

The timing controller 38 may determine whether a
received 1mage frame 1s a 2-repeat frame or a 3-repeat frame
based at least 1n part on duration the display image data
instructs the electronic display 12 to display the image frame
(decision block 76). For example, the timing controller 38
may determine that the image frame i1s a 2-repeat frame
when the display image data instructs the electronic display
12 to display the image frame for a duration equivalent to
two 60 Hz image frames. On the other hand, the timing
controller 38 may determine that the image frame i1s a
3-repeat frame when the display image data instruct the
clectronic display 12 to display the image frame for a
duration equivalent to three 60 Hz.

When a 2-repeat frame 1s detected, the timing controller
38 may instruct the display drniver 40 to write the image
frame to the electronic display using a 30 Hz refresh rate
(process block 82). On the other hand, when a 3-repeat
frame 1s detected, the timing controller 38 may instruct the
display driver 40 to write the image frame to the electronic
display 12 using a 30 Hz refresh rate (process block 78) and
subsequently instruct the display driver 40 to write the
image frame to the electromic display 12 using a 60 Hz
refresh rate (process block 80).

In other embodiments, when a 3-repeat frame 1s detected,
the timing controller 38 may instruct the display driver 40 to
write the 1mage frame to the electronic display using a 60 Hz
refresh rate and subsequently instruct the display driver 40
to repeat the image frame using a 30 Hz refresh rate. In fact,
in some embodiments, the order of the 30 Hz image frame
and the 60 Hz image frame may be determined to reduce
polarization of pixels 1n the electronic display 12.

More specifically, as discussed above, each 1image frame
1s generally written by applying voltages to pixels in the
clectronic display 12. In some embodiments, the polarity of
the voltages applied to the pixels may alternate between
positive polarity voltages and negative polarity voltages.
However, since the duration each image frame 1s displayed
may vary based on refresh rate, the duration positive polarity
voltages and the duration negative polarity voltages are
applied to the pixels may difler, thereby polarizing the pixels
(e.g., mversion 1mbalance). For example, when a 30 Hz
image frame 1s written with a negative polarity voltage and
60 Hz image frame 1s written with a positive polarity, the
pixels may be polarized negative because the negative
polarity voltage 1s applied for a longer duration.

Accordingly, 1n some embodiments, when each succes-
sive 1mage iframe 1s written with alternating voltage polari-
ties, the 30 Hz image frame may be displayed with voltage
polarities opposite polarization of the pixels while the 60 Hz
image frame may be displayed with voltage polarities the
same as polarization of the pixels. For example, when the
pixels are polarized negative and the next image frame 1s to
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be written with a negative polarity voltage, the next image
frame may be displayed at 60 Hz. The next image frame may
then be repeated at 30 Hz by applying a positive polarity
voltage, thereby reducing polarization of the pixels.

Using the described techniques, the power consumption
of the electronic display may be reduced because a lower
refresh rate 1s used to display the image frame. More
specifically, the power consumption may be reduced
because the timing controller 38 instructs the display driver
40 to write the one 30 Hz image frame instead of two 60 Hz
image Iframes. Moreover, perceived 1mage quality may be
maintained because the duration the image frame 1s per-
ceived 1s substantially unchanged. For example, when a
2-repeat frame, the image frame may still be perceived by a
user for approximately 33.3 milliseconds and, when a 3-re-
peat frame, the 1image frame may still be perceived by the
user for approximately 50 milliseconds.

Accordingly, the timing controller 38 may determine
refresh rate with which to display image frames recerved
from the 1mage source 36 based on whether the image frame
1s a 2-repeat Irame or a 3-repeat frame. To help 1llustrate, a
first hypothetical display operation 84 when display image
data has a 3:2 cadence 1s described 1n FIG. 9. More spe-
cifically, the first hypothetical display operation 84 includes
a source frame stream 86, which describes 1mage frames
(e.g., display 1image data) transmitted by the 1mage source
36, and a timing controller frame stream 88, which describes
image frames displayed on the electronic display, between t0
and t10.

In the depicted embodiment, at t0, the 1image source 36
transmits a first image frame F1 to the electronic display 12
from via the source frame stream 86. After transmitting the
first image frame F1, the image source 36 transmits a {irst
blank frame B1 at t1 and a second blank frame B2 at {2 via
the source frame stream 86. As discussed above, the two
blank frames may instruct the electronic display that the
desired duration to display the first image frame F1 1is
equivalent to three 60 Hz image frames.

As such, the timing controller 38 may determine that the
first image frame F1 1s a 3-repeat frame, the display image
data has a 3:2 cadence, and the capture rate of video content
described by the display image data may be 24 Hz. As
described by the timing controller frame stream 88, since the
first image frame F1 1s a 3-repeat frame, the timing control-
ler 38 may 1nstruct the electronic display 12 to display the
first image frame F1 with a 30 Hz refresh rate between t0 and
t2 and to display the first image frame F1 with a 60 Hz
reiresh rate between 12 and 3.

At t3, the image source 36 transmits a second 1mage frame
F2 to the electronic display 12 via the source frame stream
86. After transmitting the second 1image frame F2, the image
source 36 transmits a third blank frame B3 at t4 via the
source frame stream 86. As discussed above, the blank frame
may 1instruct the electronic display that the desired duration
to display the second 1image frame F2 1s equivalent to two 60
Hz image frames.

As such, the timing controller 38 may determine that the
second 1mage frame F2 1s a 2-repeat frame. As described by
the timing controller frame strecam 88, since the second
image frame F2 1s a 2-repeat frame, the timing controller 38
may instruct the electronic display 12 to display the second
image frame F2 with a 30 Hz refresh rate between t3 and 5.

At t5, the 1mage source 36 transmits a third 1image frame
F3 to the electronic display 12 from via the source frame
stream 86. Alter transmitting the third image frame F3, the
image source 36 transmits a fourth blank frame B4 at t6 and
a fifth blank frame B3 at t7 via the source frame stream 86.
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As discussed above, the two blank frames may instruct the
clectronic display that the desired duration to display the
third 1mage frame F3 i1s equivalent to three 60 Hz image
frames.

As such, the timing controller 38 may determine that the
third image frame F3 1s a 3-repeat frame. As described by the
timing controller frame stream 88, since the third image
frame F3 1s a 3-repeat frame, the timing controller 38 may
instruct the electronic display 12 to display the third image

frame F3 with a 30 Hz refresh rate between t5 and t7 and to
display the third image frame F3 with a 60 Hz refresh rate
between t7 and t8.

At 18, the 1mage source 36 transmits a fourth image frame
F4 to the electronic display 12 via the source frame stream
86. After transmitting the fourth image frame F4, the image
source 36 transmits a sixth blank frame B6 at t9 via the
source frame stream 86. As discussed above, the blank frame
may 1nstruct the electronic display that the desired duration
to display the fourth image frame F4 1s equivalent to two 60
Hz image frames.

As such, the timing controller 38 may determine that the
fourth 1image frame F4 1s a 2-repeat frame. As described by
the timing controller frame stream 88, since the fourth image
frame F4 1s a 2-repeat frame, the timing controller 38 may
instruct the electronic display 12 to display the fourth image
frame F4 with a 30 Hz refresh rate between t8 and t10.

To further 1llustrate, a second hypothetical display opera-
tion 90 when display image data has a 2:3 cadence 1s
described 1n FIG. 10. More specifically, the second hypo-
thetical display operation 90 includes a source frame stream
92, which describes 1image frames (e.g., display image data)
transmitted by the image source 36, and a timing controller
frame stream 94, which describes image frames displayed on
the electronic display 12, between t0 and t10.

In the depicted embodiment, at t0, the 1image source 36
transmits a first image frame F1 to the electronic display 12
via the source frame stream 92. After transmitting the first
image {frame F1, the image source 36 transmits a first blank
frame B1 at t1 via the source frame stream 92. As discussed
above, the blank frame may instruct the electronic display
that the desired duration to display the first image frame F1
1s equivalent to two 60 Hz image frames.

As such, the timing controller 38 may determine that the
second 1mage frame F2 i1s a 2-repeat frame, the display
image data has a 2:3 cadence, and the capture rate of video
content described by the display image data may be 24 Hz.
As described by the timing controller frame stream 94, since
the first image frame F1 1s a 2-repeat frame, the timing
controller 38 may 1nstruct the electronic display 12 to
display the first image frame F1 with a 30 Hz refresh rate
between t0 and 12.

At 12, the image source 36 transmits a second 1image frame
F2 to the electronic display 12 from via the source frame
stream 92. After transmitting the second 1image frame F2, the
image source 36 transmits a second blank frame B2 at {3 and
a third blank frame B3 at t4 via the source frame stream 92.
As discussed above, the two blank frames may instruct the
clectronic display that the desired duration to display the
second 1mage frame F2 1s equivalent to three 60 Hz image
frames.

As such, the timing controller 38 may determine that the
second 1image frame F2 1s a 3-repeat frame. As described by
the timing controller frame stream 94, since the second
image Irame F2 1s a 3-repeat frame, the timing controller 38
may 1nstruct the electronic display 12 to display the second
image frame F2 with a 30 Hz refresh rate between t2 and t4
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and to display the second image frame F2 with a 60 Hz
refresh rate between t4 and t5.

At t5, the 1mage source 36 transmits a third 1image frame
F3 to the electronic display 12 via the source frame stream
92. After transmitting the third image frame F3, the image
source 36 transmits a fourth blank frame B4 at t6 via the
source frame stream 92. As discussed above, the blank frame
may 1instruct the electronic display that the desired duration
to display the third 1image frame F3 1s equivalent to two 60
Hz image frames.

As such, the timing controller 38 may determine that the
third image frame F3 1s a 2-repeat frame. As described by the
timing controller frame stream 94, since the third image
frame F3 1s a 2-repeat frame, the timing controller 38 may
instruct the electronic display 12 to display the third image
frame F3 with a 30 Hz refresh rate between t5 and t7.

At t7, the image source 36 transmits a fourth image frame
F4 to the electronic display 12 from via the source frame
stream 92. After transmitting the fourth image frame F4, the
image source 36 transmits a fifth blank frame B5 at t8 and
a sixth blank frame Bé6 at t9 via the source frame stream 92.
As discussed above, the two blank frames may instruct the
clectronic display that the desired duration to display the
fourth 1mage frame F4 1s equivalent to three 60 Hz image
frames.

As such, the timing controller 38 may determine that the
fourth 1image frame F4 1s a 3-repeat frame. As described by
the timing controller frame stream 94, since the fourth image
frame F4 1s a 3-repeat frame, the timing controller 38 may
instruct the electronic display 12 to display the fourth image
frame F4 with a 30 Hz refresh rate between t7 and t9 and to
display the fourth image frame F4 with a 60 Hz refresh rate
between 19 and t10.

Thus, as described by the first hypothetical operation 84
and the second hypothetical display operation 90, the elec-
tronic display 12 may use a 30 Hz refresh rate for 80% of
operation when displaying video content. In fact, since a 30
Hz image frame may consume 40% less power than two 60
Hz image frames, the overall power consumption of the
clectronic display 12 may be reduced 32%. Moreover,
perceived 1mage quality of the electronic display 12 may be
maintained because duration each image frame 1s percerved
1s not substantially changed.

Accordingly, the technical effects of the present disclo-
sure include improving operation of an electronic display,
particularly when displaying video content, by reducing
power consumption of electronic displays while maintaining
perceived 1mage quality. In some embodiments, power con-
sumption may be reduced by using reduced refresh rates
(e.g., 30 Hz). More specifically, the electronic display may
determine when to use reduced refresh rates based at least 1n
part on the on capture rate of the video content. Additionally,
the electronic display may determine when to use reduced
refresh rates such that perceivable duration of each image
frame 1s not substantially changed, thereby maintaining
perceived 1mage quality.

The specific embodiments described above have been
shown by way of example, and 1t should be understood that
these embodiments may be susceptible to various modifi-
cations and alternative forms. It should be further under-

stood that the claims are not intended to be limited to the
particular forms disclosed, but rather to cover all modifica-
tions, equivalents, and alternatives falling within the spirit
and scope of this disclosure.
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What 1s claimed 1s:

1. An electronic display comprising:

a display drniver electrically coupled to pixels of the
clectronic display, wherein the display driver 1s con-
figured to write 1mage frames to the pixels with one of
a first refresh rate and a second refresh rate, wherein the
first refresh rate 1s less than the second refresh rate; and

a timing controller configured to:
receive a plurality of image frames from an i1mage

source, wherein the plurality of image frames are
configured to be displayed on the electronic display
to play video content;
detect a cadence with which the plurality of image
frames 1s received from the image source; and
based at least 1n part on the cadence of the plurality of
image Irames, mstruct the display driver to write
cach of the plurality of image frames either as:
a single 1mage frame at the first refresh rate; or
an 1mage Irame at the first refresh rate followed by
a repeat of the image frame at the second refresh
rate.

2. The electronic display of claim 1, wherein the timing
controller 1s configured to:

detect a 2:3 cadence when the plurality of 1image frames
comprises a first image frame followed by a first blank
image frame followed by a second 1mage frame; and

detect a 3:2 cadence when the plurality of image frames
comprises the first image frame followed by the first
blank 1mage frame followed by a second blank image
frame.

3. The electronic display of claim 2, wherein the timing

controller 1s configured to:

instruct the display driver to write the first image frame at
the first refresh rate when the 2:3 cadence 1s detected;
and

instruct the display driver to write the first image frame at
the first refresh rate followed by a repeat of the first
image frame at the second refresh rate when the 3:2
cadence 1s detected.

4. The electronic display of claim 1, wherein the timing
controller 1s configured to determine that a capture rate of
the video content 1s 24 Hz when the cadence of the plurality
of 1mage frames 1s a 2:3 cadence or a 3:2 cadence.

5. The electronic display of claam 1, wherein the first
refresh rate 1s 30 Hz, the second refresh rate 1s 60 Hz, and
a capture rate of the video content 1s 24 Hz.

6. The electronic display of claim 1, wherein the timing
controller 1s configured to:

determine whether an 1mage frame recerved from the
image source communicatively coupled to the elec-
tronic display 1s a 2-repeat frame, wherein the image
frame 1s to be displayed by the electronic display to
play the video content;

instruct the electronic display to display the image frame
at the first refresh rate when the 1mage frame 1s a
2-repeat frame;

determine whether the 1image frame 1s a 3-repeat frame;
and

instruct the electronic display to display the image frame
at the first refresh rate followed by a repeat of the image
frame at the second refresh rate when the 1image frame
1s a 3-repeat frame, wherein the first refresh rate 1s half
the second refresh rate.

7. The electronic display of claim 1, wherein the timing

controller 1s configured to:

determine that the electronic display supports a 30 Hz
refresh rate and a 60 Hz refresh rate;
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determine that the video content corresponding with dis-
play image data recerved from the image source has a
capture rate of 24 Hz;
instruct the electronic display to display a first 1image
frame based at least 1n part on the display image data
as a 30 Hz image frame and a 60 Hz image frame; and

instructing, using the timing controller, the electronic
display to display a second image frame based at least
in part on the display image data as a single 30 Hz
image frame.

8. A tangible, non-transitory, computer-readable medium
storing 1nstructions executable by a processor of an elec-
tronic display, wherein the instructions comprise nstruc-
tions to:

determine, using the processor, whether an 1mage frame

received from an 1mage source communicatively
coupled to the electronic display 1s a 2-repeat frame,
wherein the i1mage frame 1s to be displayed by the
clectronic display to play video content;

instruct, using the processor, the electronic display to

display the image frame at a first refresh rate when the
image frame 1s a 2-repeat frame;

determine, using the processor, whether the 1mage frame

1s a 3-repeat frame; and

instruct, using the processor, the electronic display to

display the image frame at the first refresh rate fol-
lowed by a repeat of the image frame at a second
refresh rate when the 1image frame 1s a 3-repeat frame,
wherein the first refresh rate 1s half the second retfresh
rate.

9. The computer-readable medium of claim 8, wherein the
instructions to determine whether the 1mage frame i1s a
2-repeat frame comprise instructions to determine that the
image {rame 1s a 2-repeat frame when the image frame 1s
followed by one blank image frame and another image
frame that 1s not a blank 1mage frame.

10. The computer-readable medium of claim 8, wherein
the 1nstructions to determine whether the 1mage frame 1s a
3-repeat frame comprise instructions to determine that the
image Iframe 1s a 3-repeat frame when the image frame 1s
followed by a first blank 1mage frame and a second blank
image frame.

11. The computer-readable medium of claim 8, compris-
ing instructions to determine that capture rate of the video
content 1s 24 Hz when the image frame 1s a 2-repeat frame
or when the 1mage frame 1s a 3-repeat {frame.

12. The computer-readable medium of claim 8, wherein
the mstructions to display the image frame at the first refresh
rate followed by the repeat of the image frame at the second
refresh rate comprise instructions to display the image frame
at 30 Hz followed by the repeat of the image frame at 60 Hz.

13. The computer-readable medium of claim 8, wherein
the mstructions to display the image frame at the first refresh
rate comprise nstructions to display the image frame at 30
Hz.

14. A method comprising:

determiming, using a timing controller of an electronic

display, that the electronic display supports a 30 Hz
refresh rate and a 60 Hz retresh rate;
determining, using the timing controller, that video con-
tent corresponding with display image data receirved
from an 1mage source has a capture rate of 24 Hz;

instructing, using the timing controller, the electronic
display to display a first image frame based at least 1n
part on the display image data as a 30 Hz image frame
and a 60 Hz image frame; and
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instructing, using the timing controller, the electronic
display to display a second image frame based at least
in part on the display image data as a single 30 Hz
image frame.

15. The method of claam 14, wherein instructing the
clectronic display to display the first image frame comprises
instructing the electronic display to display the first image
frame a duration equivalent to three 60 Hz image frames.

16. The method of claam 14, wherein mstructing the
clectronic display to display the second image frame com-
prises instructing the electronic display to display the second
image frame a duration equivalent to two 60 Hz image
frames.

17. The method of claim 14, wherein determining the
capture rate of the video content comprises receiving the
capture rate from the 1mage source.

18. The method of claim 14, wherein determining the
capture rate of the video content comprises:

determining a cadence with which the display image data

1s recerved from the image source; and

determining that the capture rate of the video content 1s 24

Hz when the display image data 1s received with a 2:3
cadence or a 3:2 cadence.

19. The method of claim 14, comprising determining,
using the timing controller, polarization of pixels 1n the
electronic display;

wherein instructing the electronic display to display the

first 1image frame comprises instructing the electronic

display to successively display the first image frame at

a first refresh rate by applying a first set of voltage

polarities to the pixels and the first 1image frame at a

second refresh rate by applying a second set of voltage

polarities, wherein:

the first refresh rate 1s 30 Hz and the second refresh rate
1s 60 Hz when polarity of the polarization of the
pixels 1s opposite polarity of the first set of voltage
polarities; and

the first refresh rate 1s 60 Hz and the second refresh rate
1s 30 Hz when polarity of the polarization of the
pixels 1s same as polarity of the first set of voltage
polarities.

20. A computing device comprising:

an 1mage source configured to output display image data

corresponding to video content; and

an e¢lectronic display communicatively coupled to the

image source, wherein the electronic display 1s config-
ured to:
receive the display image data from the image source;
and
play the video content by successively displaying a first
image frame and a second 1mage frame based at least
in part on the display image data, wherein:
the first image frame 1s displayed a duration one and
a half times longer than the second 1mage frame;
the first image frame 1s displayed at a first refresh
rate followed by a repeat of the first image frame
at a second refresh rate, wherein the first refresh
rate 1s half the second refresh rate; and
the second image frame 1s displayed at the first
reiresh rate.

21. The computing device of claim 20, wherein, to play
the video content, the electronic display 1s configured to
successively display a third image frame immediately after
the second 1mage frame and a fourth image frame immedi-
ately after the third 1mage frame, wherein:

the third image frame 1s displayed a duration equivalent to

the first image frame;
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the fourth image frame 1s displayed a duration equivalent
to the second 1image frame;
the third image frame 1s displayed at the first refresh rate
followed by a repeat of the third image frame at the
second refresh rate; and
the fourth image frame 1s displayed at the first refresh rate.
22. The computing device of claim 20, wherein the
display 1image data comprises:
the first 1image frame followed by two blank image
frames; and
the second 1mage frame followed by a single blank image
frame.
23. The computing device of claim 20, wherein, to play
the video content, the electronic display 1s configured to:
display the first image frame a first duration equivalent to
three 60 Hz image frames; and
display the second 1image frame a second duration equiva-
lent to two 60 Hz 1mage frames.
24. The computing device of claim 20, wherein the first
reiresh rate 1s 30 Hz and the second refresh rate 1s 60 Hz.
25. The computing device of claim 20, wherein the
computing device comprises a portable phone, a media
player, a personal data organizer, a handheld game platform,
a tablet device, a computer, or any combination thereof.
26. A tangible, non-transitory, computer readable medium
storing 1nstructions executable by a processor of an elec-
tronic display, wherein the instructions comprise instruc-
tions to:
detect, using the processor, that a first 1image frame
received Ifrom an 1mage source that instructs the elec-
tronic display to display the first image frame;
detect, using the processor, whether a second 1mage frame
received directly after the first image frame instructs
the electronic display to display the second image
frame:
detect using the processor, whether a third image frame
received directly after the second 1image frame 1nstructs
the electronic display to display the third image frame;
determine, using the processor, that the first image frame
1s a 3-repeat frame when the second 1mage frame does
not instruct the electronic display to display the second
image frame and the third image frame does not
instruct the electronic display to display the third image
frame:; and
instruct, using the processor, the electronic display to
display the first image frame a duration equivalent to
total duration the first image frame, the second 1mage
frame, and the third 1mage frame are received from the
image source by displaying the first image frame using
a first refresh rate and a second refresh rate.
27. The computer readable medium of claim 26, com-
prising instructions to:
determine, using the processor, that the first image frame
1s a 2-repeat frame when the second 1mage frame does
not instruct the electronic display to display the second
image frame and the third image frame instructs the
clectronic display to display the third image frame; and
instruct, using the processor, the electronic display to
display the first image frame a duration equivalent to
total duration the first image frame and the second
image Irame are received from the image source by
displaying the first image frame using the first refresh
rate.
28. The computer readable medium of claim 26, com-
prising instructions to:
determine, using the processor, polarization of pixels 1n
the electronic display;
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instruct, using the processor, the electronic display to
successively display the first image frame at the first
refresh rate by applying a first set of voltage polarities
to the pixels and the first image frame at the second
refresh rate by applying a second set of voltage polari- 5
ties, wherein:
the first refresh rate 1s lower than the second refresh rate
when polarity of the polarization of the pixels is
opposite polarity of the first set of voltage polarities;
and 10
the first refresh rate 1s greater than the second refresh
rate when polarity of polarization of the pixels 1s
same as polarity of the first set of voltage polarities.
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